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Abstract 
Due to the increasing awareness of the depletion of fossil fuel resources and environmental issues, biodiesel became 
more and more attractive in the recent years. Biodiesel production is a promising and important field of research 
because the relevance it gains from the rising petroleum price and its environmental advantages. This paper reviews 
the history and recent developments of Biodiesel, including the different types of biodiesel, the characteristics, 
processing and economics of Biodiesel industry. The application of biodiesel in automobile industry, the challenges 
of biodiesel industry development and the biodiesel policy are discussed as well 
 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
 
Keywords:Biodiesel;Transesterification; Emission; Energy; Challenge; Policy 
1. Introduction 
Energy is one of the most important resources for mankind and its sustainable development. Today, 
the energy crisis becomes one of the global issues confronting us. Fuels are of great importance because 
they can be burned to produce significant amounts of energy. Many aspects of everyday life rely on fuels, 
in particular the transport of goods and people. Main energy resources come from fossil fuels such as 
petrol oil, coal and natural gas. Fossil fuel contributes 80% of the world’s energy needs. Most industries 
use diesel machines for the production process. In the transportation sector, private vehicles, buses, 
trucks, and ships also consume significant amounts of diesel and gasoline. This situation leads to a strong 
dependence of everyday life on fossil fuels. However, the growth of the population is not covered by 
domestic crude oil production [5-6].Fossil oils are fuels which come from ancient animals and micro-
organisms. Fossil fuel formation requires millions of years. Thus, fossil oils belong to non-renewable 
energy sources. An increase of the oil price often leads to economic recessions, as well as global and 
international conflicts. Especially in some developing countries, the great development in the economy in 
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the recent years suffers great stress from oil shortage. Based on current technology it is estimated that the 
fossil fuel resources will be consumed in only 65 more years. In addition the emission produced by the 
combustion of fossil fuels also contributes to the air pollution and global warming [1-4]. Most countries 
also experience more and more international pressure on global warming issues. [7-9]. Hence, renewable 
and clean alternative fuels have received increasing attention for current and future utilization. 
Biodiesel as one promising alternative to fossil fuel for diesel engines has become increasingly 
important due to environmental consequences of petroleum-fuelled diesel engines and the decreasing 
petroleum resources. Biodiesel can be produced by chemically combining any natural oil  
or fat with an alcohol such as methanol or ethanol. Methanol has been the most commonly used 
alcohol in the commercial production of biodiesel. Lots of researches on biodiesel have shown that the 
fuel made by vegetable oil can be used properly on diesel engines [10-13]. In fact the energy density of 
biodiesel is quite close to regular diesel. Biodiesel can be produced by soybean and methanol via 
transesterification in the presence of acid catalysts. Similarities between the combustion properties (Table 
1) of biodiesel and petroleum-derived diesel have made the former one of the most promising renewable 
and sustainable fuels for the automobile [14].  
2. The Type of Biodiesel and Its Service Condition 
Feedstocks for biodiesel can be divided into oil crops, including soybean, rapeseed and so on; oil trees 
including Chinese pistachio and palm oil; and other animal fat, waste oil food. Due to its outstanding 
environmental and renewable characters, fatty acid methyl ester (FAME) is of particular importance. One 
of the advantages of this fuel is that the raw materials used for production are natural and renewable. All 
these types of oils come from vegetables or animal fat, making it biodegradable and nontoxic. The typical 
chemical properties of vegetable oils are given in Table 2 [15]. The typical fractions of fatty acids in 
different vegetable oils are given in Table 3 [16,17]. Some fuel properties of biodiesel from different oils 
are shown in Table 4 [18]. 
The feedstock of biodiesel depends greatly on climate and local soil conditions, consequently different 
regions are focusing their efforts on different types of oil. As shown in figure 1, in the United States 
soybean oil is mainly used as raw material, whereas Germany uses mainly rapeseed oil which even set up 
a special economic sector in order develop biodiesel. Currently, biodiesel has already emerged in 1,500 
German gas stations. In the US, biodiesel is specified by ASTM D6751, an authoritative body in 1996 
and in 2000 published standards [19,20]. 
3. Biodiesel Conversion Technologies 
Conventional methods of the application of vegetable oil in diesel engines are [22] direct mixing and 
micro emulsion. These two physical methods can lower the viscosity of vegetable oil, but they can not 
solve the problem of carbon deposits and lube pollution, and the high temperature pyrolysis cracking is 
hard to be controlled by its reactant at high temperature. The most relevant process parameters in these 
kinds of operation are reaction temperature, ratio of alcohol to vegetable oil, amount of catalyst, mixing 
intensity (RPM), catalyst, and the raw oils used [23]. 
In contrast, ester exchange is a more advanced method. The triglyceride can be transformed into 
monoester. Due to the transesterification in the ester exchange process, the viscosity of vegetable oil is 
reduced and heat values maintained. The Cetane number increases because the molecular chain is cut into 
1/3. 
Transesterification is the chemical reaction between triglycerides and short-chain alcohol in the 
presence of a catalyst to produce mono-esters. The long- and branched-chain triglyceride molecules are 
transformed to mono-esters and glycerin [24]. Commonly-used short-chain alcohols are methanol, 
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ethanol, propanol and butanol. Methanol is used commercially because of its low price [25]. The overall 
transesterification reaction can be shown by the reaction equation given in Fig. 2 [24-26]. 
 Because this process is a reversible reaction, the output of biodiesel will be directly influenced by the 
proportion of reactants, the type and the dosage of the activator, and the reaction conditions. 
From the principle of reversible reaction, it follows that a higher usage of carbinol leads to a higher 
output of biodiesel. However, the higher density of carbinol can cause a polycondensation reaction; as a 
result, it will reduce the effective concentration of carbinol, and cause difficulties for the separation of 
biodiesel. Furthermore, more carbinol is associated with higher costs. In the process of batch reaction or 
continuous reaction activated by an alkalescence catalyst, a 6:1 mol ratio has been used widely [27-30]. 
There are three common kinds of catalysts in the ester reaction: lipase catalysts, acid catalysts, and 
alkali catalysts. Each catalyst has its own advantages and disadvantages in the whole reaction process. As 
the catalyst, enzyme is restricted to rigorous reaction condition and activity lose of lipase etc, it can’t be 
used on the large commercial production until now. 
Most of the commercial biodiesel is produced from plant oils using very effective homogeneous alkali 
catalysts such as such as sodium or potassium hydroxides, carbonates or alkoxides. [31-34]. The speed of 
the alkali catalyzing process is higher than that in the acid activating process. This, together with the 
good corrosion resistance properties, promoted the alkali catalysts to be widely used in industry. 
However, the alkali catalyzing process is very sensitive to the presence of water and free fatty acids and 
needs lots of carbinol, accompanied with a saponification reaction which leads to separation problems of 
biodiesel and glycerin. Moreover, since the alkali catalysts must be neutralized, giving rise to 
wastewaters they cannot be reutilized, and glycerol is obtained as an aqueous solution of relatively low 
purity [35-37].  
These problems can be alleviated by using heterogeneous transesterification catalysts. Therefore, there 
is an increasing interest in the possibility of replacing the homogeneous alkaline hydroxides, carbonates 
or metal alkoxides by heterogeneous solid catalysts insoluble in methanol that could potentially lead to 
easier and more cost effective refining of the produced biodiesel and glycerol. These catalysts are 
reusable and lead to less amounts of toxic wastes. A comparison between  homogeneous and 
heterogeneous catalysis is summarized in Table 5 [34]. 
4. Advantages of Emissions Produced by Biodiesel 
Biodiesel can replace fossil fuel as a “clean energy source”. It can protect the environment by reducing 
CO2, SO2, CO, HC.  
The carbon cycle of Biodiesel is dynamic through the photosynthesis process as shown in figure 3. 
Plants absorb CO2, which is more than those discharged by the biodiesel combustion process. Thus, using 
biodiesel can more effectively reduce the emission of CO2, protect the natural environment and maintain 
the ecological balance, compared to the use of fossil fuel [38]. 
The emission of SO2 in the combustion process of biodiesel is much lower than normal diesel oil 
because of the low sulfur content in it [39]. Thus, the use of biodiesel instead of normal diesel oil will 
effectively reduce acid rain, which represents a serious threat to the environment and human 
infractructure in forms of acidification of soil, surface and ground water forest and vegetation damage, 
and increased corrosion of buildings and historical monuments made from calcium containing stones. 
Furthermore, CO, HC and particulate matters will be less discharged, because ester compounds in 
biodiesel contains oxygen promoting clean burning. 
Using biodiesel can also reduce air pollution. The use of biodiesel in a conventional diesel engine 
results in a substantial reduction of hydrocarbons, aromatic hydrocarbons, carbon monoxide, alkenes, 
aldehydes, ketones, and particulate matter [40]. Nitrogen oxide emissions are slightly increased if the 
engine management remains unchanged. However, this can be optimized using special software [41] and 
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biodiesel sensors [42]. Using biodiesel decreases solid carbon fraction particulate matter and eliminates 
the sulfate fraction. Increasing the percentage of biodiesel blended with petroleum diesel fuel 
progressively eliminates sulfates. Biodiesel works well with new technologies such as catalysts, 
particulate traps, and exhaust gas recirculation. Soy biodiesel reduces carbon dioxide by 78 percent on a 
life cycle basis. In addition, diesel engine exhaust from biodiesel was found to have a lower mutagenic 
potential than that from conventional diesel fuel [40, 43]. This effect is believed to result from a lower 
content of polycyclic aromatic hydrocarbons in the particle emission of biodiesel [40], Biodiesel is the 
first alternative fuel that has fully completed the health effects testing requirements of the Clean Air 
Act.34 
5. Dynamic Property on Diesel Engines 
The flammability of biodiesel is better than that of diesel oil because of its high cetane number which 
is an index of flammability. It also can be transported conveniently and more safely than diesel oil, due to 
its high flash point which enables it to be identified as safe goods. Biodiesel has a high viscosity and is 
composed of fatty acid methyl ester of high unsaturation [44]. It has a good lubrification which can lower 
the water rate of injection pump, cylinder and engine connecting, and extend the use-life-span of the 
engine. Biodiesel can be directly used in conventional existing diesel engines due to its similar 
combustion performance with diesel oil, and also be widely sold using restore and sales network of diesel 
oil. 
All major U.S. manufacturers of diesel engines endorse the use of biodiesel. Biodiesel is not simple 
vegetable oil. Using unmodified vegetable oils in diesel engines can cause excessive carbon buildup in 
combustion chambers and reluctance to start. Biodiesel burns more cleanly than petroleum diesel and is a 
better lubricant and detergent. However, its high detergency can loosen debris in fuel systems that 
formerly used petroleum diesel and thus lead to a clogging of fuel filters. At higher concentrations, it can 
also degrade parts made of certain kinds of rubber commonly found in vehicles built before 1994. 
However, people usually use biodiesel as an additive in petroleum diesel at a 10 percent ratio (B10), at 
which level it causes few problems [45]. 
6. Challenges of Biodiesel Industry Development 
Increased demand for vegetable oil as an biodiesel feedstock is altering world agricultural landscapes 
and the ecosystem services they provide, which will highlight a number of negative effects associated 
with its use. 
Many countries’s biodiesel industry development has been motivated by their climate change 
mitigation target. Because biodiesel produced from biomass have the potential to be ‘‘carbon-neutral” 
over their life cycles as their combustion only returns to the atmosphere the carbon dioxide absorbed 
from the air by feedstock crops through photosynthesis. However, in order to grow the oil crops 
necessary to produce biodiesel, additional land must be brought into production. This has led to pristine 
rainforests being cleared for the sake of monoculture plantations. Worldwide, deforestation accounts for 
an estimated 20 percent of greenhouse gas emissions. And much of the forest now being cleared for palm 
oil is peatland, with marshy soils that are crucial holders of methane, a greenhouse gas even more potent 
than carbon dioxide. At the same time, landscapes with high levels of oil crops had low habitat diversity 
and significantly reduced biocontrol services in these fields [46,47]. 
On the other hand, the growing use of food crops as a feedstock of biodiesel has casused negative 
impacts on health and sanitation and reduced food availability and associated price effects. One major 
problem is diversion of traditional food and feed crops to biofuel production, as returns to biofuel 
production are often greater than the returns a farmer might get were the same crops sold for food, or for 
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non-biofuel crops. Such practices can reduce food availability and may consign food and feed production 
to less productive land, thus reducing yields and food security, and raising food prices [48,49].  
7. The Biodiesel Policy  
In recent years, incentives exist within energy-, climate- and agricultural policies in several countries 
to promote further progress in the use of biodiesel [50]. The policy and government incentives will 
directly influence the development of biodiesel industry. As a policymaker, government play an essential 
role in determining the course, and crucially, the scale, of biodiesel development, in particular by means 
of the proper incentives such as tax exemptions, price controls, targets and direct subsidies. Now, there 
are many incentives that can be offered by a government to spur the development of biodiesel industry 
and maintain its sustainability, they are given below [51,52]: 
1) Crop plantation in abandoned and fallowed agricultural lands; 
2) Subsidizing the cultivation of non-food crops or the usage of waste oil as feedstock ; 
3) Implementation of carbon tax; 
4) Exemption from the oil tax; 
5) Mandatory biodiesel blend use in gas station. 
While governments are focusing on the ways to improve biodiesel production and consumption, they 
should give enough attention to unresolved issues like rainforest depletion, food prices increase. Without 
taking into account these, their policies might have detrimental effects on climate change. 
8.  The Prospect of the Application of Biodiesel 
In conclusion, biodiesel production is set to rise drastically in the coming years. Biodiesel offers the 
promise of numerous benefits related to energy security, economics, expansion of the agriculture sector 
and reduction of pollutant emission. Despite its many advantages as a renewable alternative fuel, 
biodiesel presents a number of problems that must be resolved before it will be more attractive as an 
alternative to petroleum diesel.  
1) These problems include improving the relatively poor low-temperature properties of biodiesel as 
well as monitoring and maintaining biodiesel quality against degradation during long-term storage (due 
to its unstable double bond). Maintaining fuel quality during long-term storage is a concern for biodiesel 
producers, marketers, and consumers. The most cost-effective means for improving oxidative stability of 
biodiesel is the treatment with antioxidant additives, e.g.  the combination with hydrogen to reduce the 
double bond. This method will, make biodiesel more stable for storage, similar to the diesel oil. However, 
this method will consume a sheer bulk of hydrogen, so the resource of hydrogen and the rising cost could 
be a concern. At the same time, care must be exercised in cleaning storage tanks before filling them with 
biodiesel and in monitoring storage conditions inside the tanks such as temperature, moisture content, 
exposure to direct sunlight, and the atmosphere (nitrogen “blanket” is preferable) in which the fuel is 
stored. [24] 
2) In spite of the impressive technological advances that have been made over the last decade in the 
field of biodiesel, a great deal of research remains to be accomplished to fully address technical 
deficiencies inherent in biodiesel. For example, biodiesel generally has higher density, viscosity, cloud 
point and cetane number, and lower volatility and heating value compared to commercial grades of diesel 
fuel. Long-run engine testing have shown that its fatty colloid will plug the fuel oil filter. The high 
viscosity will lead to a blocking of the fuel injector, and its unburned hydrocarbon also will deteriorate 
the tube when it leaks into crankcase. Furthermore, Biodiesel generally contains about 10 wt.% of oxygen 
and thus can be considered as a of oxygenated fuel.The high oxygen content in biodiesel results in the 
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improvement of its burning efficiency, reduction of PM, CO and other gaseous pollutants, but at the same 
time produces larger NOx formation, particularly under a high temperature burning environment.  
Previous studies have shown that these drawback of biodiesel will be solved by mixing with diesel or 
ethanol. Research also has revealed that fuel blends are stable well below 0°C, and reduce the viscosity as 
well as NOx emissions. Fuel blends have shown equal or superior fuel properties to regular diesel fuel. 
[53-59] 
As mentioned above, the primary market for biodiesel in the near to long-term future is likely to be as 
a blend component in petroleum diesel. 
3) The cost of biodiesel, however, is the major hurdle to its commercialization in comparison to 
petroleum diesel (use of edible oil as biodiesel feedstock costs about 60–70% of raw material cost [60]). 
The high value of soybean oil or canola oil as a food product makes production of a cost-effective fuel 
very challenging. Use of such edible oil to produce biodiesel is not feasible in view of a big gap in the 
demand and supply of such oils in the producing countries for dietary consumption. In addition, food 
prices are expected to continue to rise over the next decade in response to biofuel consumption targets 
adopted in the world. Therefore,development of alternative feedstocks for biodiesel production is another 
important area of current and future research [61].  
One way of reducing the biodiesel production costs is to use the less expensive feedstocks containing 
fatty acids such as non-edible oils, animal fats and oils, recycled or waste oil and byproducts of the 
refining vegetable oils, microalgae. These oils have great potential for supplementing other conventional 
feedstock. [25, 26, 62-70].  
In addition, non-edible plants that contain oil can be cultivated on marginal lands where other crops, 
such as soybean, rape, palm, peanut and sunflower cannot be grown well. By this means, it would not 
only improve the utilization ratio of marginal lands, but also avoid major ethical and moral issues as 
would edible oil based biodiesel. Such projects must be well regulated. The governments need to 
establish regulations to assure that edible oil do not get into the drain; and rationally select the sites for 
biodiesel plants and other crops. If these precautions are missed, deforestation and intensive monoculture 
could become catastrophic, actually jeopardizing livelihoods in the long run rather than improving them. 
To sum up the above points, biodiesel, rich in vast raw materials, excellent in dynamic properties, has 
received high attention from many countries, and is environmental-friendly. These benefits of biodiesel 
will continue to ensure that a substantial market exists for this attractive alternative to conventional 
petroleum diesel fuel. However, from a commercial standpoint, the traditional petroleum industry may be 
more comfortable with non-ester renewable diesel fuels than with biodiesel, which may present a 
substantial challenge to the widespread deployment of biodiesel as an alternative fuel in the future.  
All of these evidences indicate that developing biodiesel industry is bound to gain great support from 
the governments. Now many countries are working to subsidize the biodiesel industry through fiscal and 
tax policy and set up national standards for the production process, product quality, and production safety 
in order to standardize the manufacturing. Meanwhile, governments should correctly understand and 
handle the relation between biofuel and unresolved issues, such food security, land use changes, forest 
protection.  
If these issues mentioned above could be resolved properly, it would be reasonable to believe that in 
the near future, biodiesel will be widely applied in automobile industry, and bring us more convenience. 
Acknowledgements
The financial support from National Natural Science Foundation of China (30940058), The National 
Science Foundation for Post-doctoral Scientists of China（20100471383), Natural science foundation for 
colleges and universities in Jiangsu Province (09KJD4800001), Jiangsu key lab of mechanical clean 
1880  Daming Huang et al. / Energy Procedia 16 (2012) 1874 – 1885
Author name / Energy Procedia 00 (2011) 000–000 
 
energy and application foundation (QK09006) , Jiangsu University research foundation for young Scholars 
(08JDG039) and Yancheng agricultural science and technology development program ( YK2009081) are 
gratefully acknowledged. 
References and Notes 
[1]Agarwal, A.K. Biofuels (alcohols and biodiesel) applications as fuels for internal combustion engines. Progress in Energy and 
Combustion Science 2007, 33, 233-271. 
[2] Zhou A.; Thomson E. The Development of Biofuels in Asia. Applied Energy 2009, 86, s11-s20. 
[3] Quaye, E.C. Energy demands in the 21st century: The Role of Biofuels in a Developing Country. Renewable Energy 1996, 9, 
1029-1032. 
[4] Prabhakar, S.V.R.K.; Elder, M. Biofuels and resource use efficiency in developing Asia: Back to basics, Applied Energy 
2009, 86, 30-36. 
[5] Demirbas, A. Biofuels securing the planet’s future energy needs. Energy Conversion and Management 2009, 50, 2239-2249. 
[6] Bull, S.R. Renewable energy transportation technologies. Renewable Energy 1996, 9, 1019-1024. 
[7] Vandenbroucke, F. Conflicts in international economic policy and the world recession: a theoretical analysis. Camb. J. Econ. 
1985, 9, 15-42. 
[8] Pomfret, R. Central Asia and the Global Economic Crisis. EU-Central Asia Monitoring (EUCAM) 2009, 7, 1-6. 
[9]Tonnesson, S.; Kolas, A. Energy Security in Asia: China, India, Oil and Peace. International Peace Research Institute, Oslo 
(PRIO) 2006, pp. 92. 
[10]Apostolakou, A.A.; Kookos, I.K.: Marazioti, C.; Angelopoulos, K.C. Techno-economic analysis of a biodiesel production 
process from vegetable oils. Fuel Processing Technology 2009, 90, 1023-1031. 
[11]Usta, N.; Oztcurk, E.C.; Can, C.O.; Conkur, E.S.; Nas, S.; Con, A.H.; Can, A.C.; Topcu, M. Combustion of biodiesel fuel 
produced from hazelnut soap stock / waste sunflower oil mixture in a diesel engine. Energy Conversion and Management 2005, 46, 
741–755. 
[12]Hayyan, M.; Mjalli, F.S.; Hashim M.A.; AlNashef, I.M. A novel technique for separating glycerin from palm oil-based 
biodiesel using ionic liquids. Fuel Processing Technology 2009, Article in Press. 
[13]Pedrojevic, Z.J. The production of biodiesel from waste frying oils: A comparison of different purification steps. Fuel 2008, 
87, 3522-3528. 
[14]Benjumea, P.; Agudelo J.; Agudelo, A. Basic properties of palm oil biodiesel-diesel blends. Fuel 2008, 87, 2069-2075. 
[15]Ma, F.; Hanna, A.M. Biodiesel production: a review. Bioresource Technology 1999, 70, 1-15. 
[16]Fukuda, H.; Kondo, A.; Noda, H. Biodiesel fuel production by transesterification of oils. J. Biosci. Bioeng. 2001, 92, 405-
416. 
[17]Chen J.; Jin H. L.; Li J. W.  Olechemistry, Chemical Industry Press publishing, China, 2003. 
[18]Barnwal B.K.; Sharma, M.P. Prospects of Biodiesel production from vegetable oils in India. Renew. Sust. Energy Rev. 
2005, 9, 363-378. 
[19]Howell, S. Standard and Regulatory Developnmet for Biofuels. ASTM International, Special Presentation 2006. 
[20]Burton, R. An Overview of ASTM D6751: Biodiesel Standards and Testing Methods. Alternative Fuels Consortium, Central 
Carolina Community College, USA, 2008. 
[21]Lin L et al. Opportunities and challenges for biodiesel fuel. Applied Energy (2010), doi:10.1016/j.apenergy.2010.09.029 
[22]Demirbas, A. Comparison of transesterification methods for production of biodiesel from vegetable oils and fats.  Energy 
Conversion and Management 2008, 49, 125-130. 
[23]Marchetti, J.M.; Miguel, V.U.; Errazu, A.F. Possible methods for biodiesel production. Renewable and Sustainable Energy 
Reviews 2007, 11, 1300-1311. 
[24]Moser, B.R. Biodiesel production, properties, and feedstocks. In Vitro Cellular & Developmental Biology - Plant 2009, 45, 
229-266. 
Daming Huang et al. / Energy Procedia 16 (2012) 1874 – 1885 1881
Author name / Energy Procedia 00 (2011) 000–000 
 
[25]Ramadhas, A.H.; Jayaraj, S.; Muraleedharan, C.; Biodiesel production from high FFA rubber seed oil. Fuel 2005, 84, 335-
340. 
[26]Lin, L.; Dong, Y.; Chaitep, S.; Vittayapadung, S. Biodiesel production from crude rice bran oil and properties as fuel. 
Applied Energy 2009, 86, 681-688. 
[27]Veljkovic′, V.B.; Stamenkovic′, O.S.; Todorovic, Z.B.; Skala, D.U. Kinetics of sunflower oil methanolysis catalyzed by 
calcium oxide. Fuel 2009, 88, 1554-1562. 
[28]Miguel, V.; Trubiano, G.; Perez, G.; Borio D.O.; Errazu, A.F. Kinetic analysis of enzymatic esterification of fatty acids and 
ethanol. Stud. Surf. Sci. Catal. 2001, 133, 619-624. 
[29]Freedman, B.; Pryde E.H.; Mounts, T.L. Variables affecting the yields of fatty esters from transesterified vegetable oils. 
Journal of the American Oil Chemists' Society (JAOCS) 1984, 61, 1638-1643. 
[30]Zhang, Y.; Dube, M.A.; McLean D.D.; Kates, M. Biodiesel production from waste cooking oil: 1. Process design and 
technological assessment. Bioresource Technol. 2003, 89, 1-16. 
[31]Liu, Y.; Lotero, E.; Goodwin, J.G.; Mo, X. Transesterification of poultry fat with methanol using Mg–Al hydrotalcite 
derived catalysts. Applied Catalysis A: General. 2007, 331,138–148. 
[32]Lotero, E.; Liu, Y.; Lopez, D.E.; Suwannakarn, K.; Bruce, D.A.; Doodwin, J.G. Synthesis of biodiesel via acid catalysis. 
Industrial & Engineering Chemistry Research 2005, 44, 5353-5363. 
[33]Zhang, Y.; Dube, M.A.; McLean, D.D.; Kates, M. Biodiesel production from waste cooking oil: 2. Economic assessment 
and sensitivity analysis. Bioresource Technology 2003, 90, 229–240. 
[34]Helwani, Z.; Othman, M.R.; Aziz, N.; Kim, J.; Fernando, W.J.N. Solid heterogeneous catalysts for transesterification of 
triglycerides with methanol: A review. Applied Catalysis A: General. 2009, 363, 1-10. 
[35]Demirbas, A.; Biodiesel from waste cooking oil via base-catalytic and supercritical methanol transesterification. Energy 
Conversion and Management 2009, 50, 923-927. 
[36]Yin, J.Z.; Xiao, M.; Song, J.B.; Biodiesel from soybean oil in supercritical methanol with co-solvent. Energy Conversion 
and Management 2008, 49, 908-912. 
[37]Arzamendi, G.; Campo, I.; Arguinarena, E.; Sanchez, M.; Montes, M.; Gandia, L.M. Synthesis of biodiesel with 
heterogeneous NaOH/alumina catalysts: Comparison with homogeneous NaOH. Chemical Engineering Journal 2007, 134, 123–130. 
[38]Lapuerta, M.; Armas O.; Fernandez, J.R. Effect of Biodiesel Fuels on diesel engine emissions. Progress in Energy and 
Combustion Science 2008, 34, 198-223. 
[39]Basha, S.A.; Gopal, K.R.; Jebaraj, S. A review on biodiesel production, combustion, emission and performance. Renewable 
and Sustainable Energy Reviews 2009, 13, 1628-1634. 
[40]Krahl, J.; Munack, A.; Schröder, O.; Stein, H.; Bünger, J. Influence of Biodiesel and Different Petrodiesel Fuels on Exhaust 
Emissions and Health Effects. In The Biodiesel Handbook. Edited by Knothe G.; Van Gerpen, J.; AOCS Publishing, USA, 2005. 
[41]Tschöke, H.; Braungarten, G. Biodiesel und Partikelfilter. Landbauforsch. Völkenrode 2002, 239, 69–86. 
[42]Munack, A.; Krahl, J. Speckmann, H. Biodieselsensorik. Landbauforsch. Völkenrode 2002, 239, 87–92. 
[43]Bünger, J.; Müller, M.M.; Krahl, J.; Baum, K.; Weigel, A.; Hallier, E.; Schulz, T.G. Mutagenicity of diesel exhaust particles 
from two fossil and two plant oil fuels. Mutagenesis 2000, 15, 391-397. 
[44]Park, J.Y.; Kim, D.K.; Wang, Z.M.; Lu, P.M.; Park, S.C.; Lee, J.S. Production and Characterization of Biodiesel from Tung 
Oil. Appl. Biochem. Biotechnol. 2008, 148, 109-117. 
[45]Demirbas, A. Progress and Recent Trends in Biodiesel Fuels. Energy Conversion and Management 2009, 50, 14-34. 
[46]Landis D.A., Gardiner M.M., Werf W., et al. Increasing corn for biofuel production reduces biocontrol services in 
agricultural landscapes. PNAS, 2008, 105, 20552-20557. 
[47]Zhou, A., Thomson, E.. The development of biofuels in Asia. Applied Energy, 2009, 86, S11–S20. 
[48]Tirado M.C., Cohen M.J., Aberman N., et al. Addressing the Challenges of Climate Change and Biofuel Production on Food 
and Nutrition Security. Food Research International, 2010, doi: 10.1016/ j.foodres.2010.03.010. 
[49]Trostle, R. Global Agricultural Supply and Demand: Factors Contributing to the Recent Increase in Food Commodity Prices, 
WRS 0801. Washington, DC: U.S. Department of Agriculture, Economic Research Service, 2008. Available online as of 14/12/2009 
at: http://www.ers.usda.gov. 
1882  Daming Huang et al. / Energy Procedia 16 (2012) 1874 – 1885
Author name / Energy Procedia 00 (2011) 000–000 
 
[50]European Commission. Communication from the commissions of the European council and the European parliament: an 
energy policy for Europe. SEC, 2007, p. 12. 
[51]Ewing, M., Msangi, S.. Biofuels production in developing countries: assessing  tradeoffs in welfare and food security. 
Environ Sci Policy , 2009, 12, 520–8. 
[52]Wassell, J.C.S., Dittmer, T.P.. Are subsidies for biodiesel economically efficient?. Energy Policy , 2006, 34, 3993–4001. 
[53]Canakci, M. Combustion characteristics of a turbocharged DI compression ignition engine fueled with petroleum diesel 
fuels and biodiesel. Bioresource Technology 2007, 98, 1167-1175. 
[54]Shia, X.; Panga, X.; Mu, Y.; He, H.; Shuai, S.J.; Wang, J.X.; Chen, H.; Li, R.L. Emission reduction potential of using 
ethanol–biodiesel–diesel fuel blend on a heavy-duty diesel engine Atmospheric Environment 2006, 40, 2567-2574.  
[55]Sahoo, P.K.; Das, L.M.; Babu, M.K.G.; Naik, S.N. Biodiesel development from high acid value polanga seed oil and 
performance evaluation in a CI engine. Fuel 2007, 86, 448-454. 
[56]Benjumea, P.; Agudelo, J.; Agudelo, A. Basic properties of palm oil biodiesel–diesel blends. Fuel 2008, 87, 2069-2075. 
[57]Lin, C.; Lin, S. Effects of emulsification variables on fuel properties of two- and three-phase biodiesel emulsions. Fuel 2007, 
86, 210-217. 
[58]Fernando, S.; Hanna, M. Development of a Novel Biofuel Blend Using Ethanol-Biodiesel-Diesel Microemulsions: EB-
Diesel. Energy & Fuels 2004, 18, 1695-1703. 
[59]Haas, M.J.; Scott, K.M.; Marmer, W.N.; Foglia, T.A. In situ alkaline transesterification: An effective method for the 
production of fatty acid esters from vegetable oils. J Am Oil Chem Soc 2004; 81, 83–89. 
[60]Ewing, M.; Msangi, S. Biofuels production in developing countries: assessing tradeoffs in welfare and food security. 
Environmental Science & Policy 2009, 12, 520-528. 
[61]Karmakar A., Karmakar S., Mukherjee S.. Properties of various plants and animals feedstocks for biodiesel production. 
Bioresource Technology, 2010, 101, 7201-7210. 
[62]Sinha, S.; Agarwal, A.K.; Garg, S. Biodiesel development from rice bran oil: Transesterification process optimization and 
fuel characterization. Energy Conversion and Management 2008, 49, 1248-1257. 
[63]Zullaikah, S.; Lai, C.; Vali, S.R.; Ju, Y. A two-step acid-catalyzed process for the production of biodiesel from rice bran oil. 
Bioresource Technology 2005, 96, 1889-1896. 
[64]Enweremadu, C.C.; Mbarawa, M.M. Technical aspects of production and analysis of biodiesel from used cooking oil—A 
review. Renewable and Sustainable Energy Reviews 2009, 13, 2205-2224. 
[65]Veljkovic´, V.B.; Lakic´evic´, S.H.; Stamenkovic´, O.S.; Todorovic, Z.B.; Lazic, M.L. Biodiesel production from tobacco 
(Nicotiana tabacum L.) seed oil with a high content of free fatty acids. Fuel 2006, 85, 2671-2675. 
[66]Ghadge, S.V.; Raheman, H. Biodiesel production from mahua (Madhuca indica) oil having high free fatty acids. Biomass 
and Bioenergy 2005, 28, 601-605. 
[67]Kapilan, N.; Reddy, R.P. Evaluation of Methyl Esters of Mahua Oil (Madhuca Indica) as Diesel Fuel. J Am Oil Chem Soc 
2008, 85, 185–188. 
[68]Berchmans H.J.; Hirata, S. Biodiesel production from crude Jatropha curcas L. seed oil with a high content of free fatty 
acids. Bioresource Technology 2008, 99, 1716-1721. 
[69]Tiwari, A.K.; Kumar, A.; Raheman, H. Biodiesel production from jatropha (Jatropha curcas) with high free fatty acids: An 
optimized process. Biomass and Bioenergy 2007, 31, 569-575. 





Daming Huang et al. / Energy Procedia 16 (2012) 1874 – 1885 1883
Author name / Energy Procedia 00 (2011) 000–000 
 
Table 1 Properties of Biodiesel and Diesel (from Ref. 14). 
Fuel Properties Biodiesel Diesel
Density at 15oC, g/cm3 0.8834 0.8340 
Viscosity at 40oC, 
mm2/s 
4.47 2.83 
Sulfur content, % < 0.005 0.034 
Carbon, % 76.1 86.2 
Hydrogen, % 11.8 13.8 
Oxygen, % 12.1 --- 
Flash point, oC 178 62 
Cetane Number 56 47 
Net Calorie value, 
kJ/kg 
37,243 42,588 
Table 2 The typical chemical properties of vegetable oils (from Ref. 15). 
Fatty acid composition % by weight 
Vegetable oil 







Corn 11.67 1.85 0.24 0.00 0.00 25.61 0.00 60.60 0.48 0.11 7 18.4 
Cottonseed 28.33 0.89 0.00 0.00 0.00 13.27 0.00 57.51 0.00 0.07 8 64.8 
Crambe 20.7 0.70 2.09 0.80 1.12 18.86 58.51 9.00 6.85 0.36 12 26.5 
Peanut 11.38 2.39 1.32 2.52 1.23 48.28 0.00 31.95 0.93 0.20 9 82.7 
Rapeseed 3.49 0.85 0.00 0.00 0.00 64.4 0.00 22.30 8.23 1.14 18 30.3 
Soybean 11.75 3.15 0.00 0.00 0.00 23.26 0.00 55.53 6.31 0.20 32 44.5 
Sunflower 6.08 3.26 0.00 0.00 0.00 16.93 0.00 73.73 0.00 0.15 15 10.7 
Table 3 The typical fractions of fatty acids in different vegetable oils (from Ref. 15). 
Fatty acid Soybean Cottonseed Palm Lard Tallow Coconut Peanut Rice bran Sesame Olive
Lauric 0.1 0.1 0.1 0.1 0.1 46.5 0.1 0.2 0.1 0 
Myristic 0.1 0.7 1 1.4 2.8 19.2 0.3 0 0.3 0 
Palmitic 10.2 20.1 42.8 23.6 23.3 9.8 12.3 11.2 9.2 18.5 
Stearic 3.7 2.6 4.5 14.2 19.4 3 4.6 1.6 4.8 4.5 
Oleic 22.8 19.2 40.5 44.2 42.4 6.9 53.6 46.5 43.6 65.2 
Linoleic 53.7 55.2 10.1 10.7 2.9 2.2 29 40 41.9 11.2 
Linolenic 8.6 0.6 0.2 0.4 0.9 0 0.1 0.5 0.1 0.6 



















Peanut 4.9 54 5 --- 176 0.883 33.6 
Soya bean 4.5 45 1 -7 178 0.885 33.5 
Babassu 3.5 63 4 --- 127 0.875 31.8 
Palm 5.7 62 13 --- 164 0.880 33.5 
Sunflower 4.6 49 1 --- 183 0.870 33.5 
Tallow --- --- 12 9 96 --- --- 
Diesel 3.06 50 --- -16 76 0.855 43.8 
20% biodiesel 
blend 
3.2 51 --- -16 128 0.859 43.2 
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Table 5 Comparison of homogeneously and heterogeneously catalyzed transesterification (from Ref. 34). 
Factors Homogeneous catalysis   Heterogeneous catalysis 
Reaction rate Fast and high conversion Moderate conversion 
Post-treatment       Catalyst cannot  be recovered,must be neutralized leading 
to waste chemical production 
 
Catalyst can be recovered 
Processing methodology Limited used of Continuous fix bed continuous 
methodology   operation possible 
Presence of water/ free 
fatty acids                           
Sensitive  
Not  sensitive 
Catalyst reuse Not possible  
Possible 
Cost       Comparatively costly Potentially cheaper 
Figure 1. FAME around the world [21] 
 Figure 2. Transesterification of triacylglycerols to yield fatty acid alkyl esters (biodiesel). 
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Figure 3. Closed Loop Cycle of Biodiesel 
